Introduction
The science of dentistry has been continuously seeking to improve the performance of diagnostic aids available in this specialty. Intra oral periapical radiographs and panoramic radiographs have been the mainstay of radiographic diagnosis in all specialties of dentistry [1] . Although both are indispensable to dentistry, but the amount of useful information yielded by these is limited by accompanying superimposition of various anatomic structures. Three dimensional CT scan imaging and MRI imaging has been considered only in limited number of patients till date, because of the larger size of machines which can't be accommodated in a dental office and thus necessitates referral. Their use has been limited because of unacceptably high radiation dose for routine dental care. CBCT has, therefore emerged as an alternative aid and is widely gaining popularity at a rapid rate all over the world.
Cone beam technology was introduced to markets in 1996 by QR s.r.l. (New Tom 9000) [2] . This revolutionary technology has brought a paradigmatic shift in dental radiology. Though introduced as a tool in dentistry, CBCT has found numerous applications in other medical fields, mainly interventional radiology as well. It is widely used to identify the correct location of artery for chemoembolization in hepatocellular carcinoma [3] , prostate artery embolisation in benign prostate hypertrophy [4] , during placement of intracranial and extracranial stents [5] , abscess drainage, adrenal vein sampling for adenoma [6] , identification of tissue infarcts in vascular anomalies and many other medical uses. The purpose of this article is to discuss and highlight the diagnostic applications of CBCT in various specialties of dentistry by means of a few cases which benefitted from its use.
Oral and maxillofacial surgery
The ability to depict all anatomic structures without superimposition by buccal and lingual structures makes CBCT an immensely useful guide in oral and maxillofacial surgeries. It is superior to panoramic radiography for localization of inferior alveolar canal in relation to impacted third molar because this canal frequently follows a tortuous path and hence, may not be reliably interpreted on a two dimensional image [7] ( Figure  1A) . Similarly, interpreting the buccolingual relationship of an impacted canine in relation to lateral incisor is much simpler with CBCT ( Figure 1B ), which otherwise requires multiple obliquely angled IOPA views and occlusal views [8] . Ankylosis of impacted teeth is also more reliably visualized on CBCT and hence, the treatment difficulty can be timely anticipated [9] .
CBCT also provides important information on the extent and location of cystic lesions and other benign lesions and sometimes aids in their detection which are otherwise missed ( Figure  1C ). The associated changes like presence and extent of bone resorption, cortical expansions, calcifications, bone sclerosis in surrounding bone etc. can also be visualized more predictably with sectional imaging as compared to that with conventional 2D images [10] ( Figure 1D ). This is because, since the effect of superimposition is removed, the internal structure or the surrounding structures can be visualized layer by layer; resulting in better interpretation. CBCT is, therefore, a very helpful tool for surgical planning of such cases, as full extent and relative proximity to various anatomic structures is assessed [11] .
Moreover, malignant lesions can be differentiated from benign lesions by carefully studying the smoothness or irregularity of their margins and bone invasion pattern ( Figure 1E ). This can be revealed in early stages with sectional imaging. CBCT was found comparable to Multi-slice computerized tomography for studying the bone invasion pattern in malignancies [12] . MRI, however, still remains a better alternative for soft tissue tumour.
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CBCT also provides a clearer vision of periosteal bone reaction in chronic inflammatory lesions as compared to occclusal and panoramic radiographs [13] (Figure 1F ).
CBCT is a valid alternative imaging tool to MDCT for complex jaw fractures [14] (figure 1G). However for trauma patients with associated vertebral fractures or head injuries, MDCT and MRI are better alternatives. CBCT provides a deep insight into the cleft defect in cleft palate patients. The relation of cleft to dentition and nasal cavity can be thoroughly studied. Alveolar bone support of the teeth associated with cleft can be assessed [15] . The volume of cleft defect can be measured and hence, the amount of graft material needed to reconstruct the alveolus can be determined [16] (Figure 1H ).
Orthodontics
Due to less superimposition and magnification error, and image distortion due to isometric voxel size used in CBCT, they are more accurate than 2-D cephalograms and panoramic radiographs. Although low FOV and medium FOV are useful in certain cases as in assessing individual impacted teeth or single jaw, most circumstances usually indicate the use of large volume CBCT in orthodontics to incorporate the skull bases, facial bones and dentition.
The use of digital casts, as prepared by CBCT has also been now introduced to orthodontics which can be used for measuring intra-arch parameters [17] . These digital models also reveal roots of the teeth and unerupted teeth, hence providing additional information like crown-root angulations and crown to root ratio.
Individual teeth can also segmentized in these casts and tooth movement can be simulated, and the outcome of extraction /non-extraction plan can be tested pre-operatively. Some software enhancements also allow creating a virtual patient, in which individually soft tissues, skeletal hard tissues or dental structures are enhanced to different extents, to simulate a threedimensional virtual patient like image ( Figure 2A ). These virtual patient images can then be used to simulate surgeries, facial asymmetry evaluation, digitized tooth movements to analyze results etc ( Figure 2E ). Volume of pharyngeal airway and changes in volume of pharyngeal airway space after mandibular setback surgeries can also be measured ( Figure 2B) Furthermore, CBCT has an immense application in treatment planning of cases with impacted teeth ( Figure 2D ). The exact location of tooth can be assessed and point of surgical exposure and the subsequent mechanics to be applied can be precisely planned. CBCT images also help in planning the site of temporary anchorage device placement as the thickness of bone at various possible sites, and distance between two roots can be accurately measured [18] .
Post-orthodontic effects on dentition, like external apical root resorption ( Figure 2C ) or alveolar bone loss due to rapid palatal expansion (due to tipping of posterior teeth) can also be assessed more accurately with CBCT. CBCT images with voxel sizes ranging from 0.2-0.4 mm 3 are better than 2-D radiographs for measuring small changes in root length due to apical root resorption [19] .
Three-dimensional CBCT scans are more reliable and accurate for detection of mandibular asymmetry than lateral cephalographs [20] . This is because chances of error due to varying distance of structure to film are not present and the anatomic landmarks are more clearly identifiable. Nevertheless, the accuracy of linear and angular measurements performed on CBCT-synthesized cephalograms is similar to conventional lateral cephalograms [21] . CBCT images may also be sensitive to orientation of head during scan.
Many orthodontically based software programs are now available for clinical use, e.g. SICAT Function and JMT, 3dMDvultus Software, In Vivo Dental Software, Sure Smile Software, Insignia Software. These soft wares combine surface tracking with 3-D CBCT imaging and help in appliance fabrication, surgical planning, shaping of arch wires and much more. Thus, in orthodontics, CBCT is no longer a mere diagnostic entity, but a clinical and translational tool.
Periodontics
Intra-oral radiography is still the most commonly used technique for diagnosis of periodontal bone defects. Since the advent of CBCT in various fields of dentistry, various studies have been conducted to evaluate the potential of this technique in periodontics, and mixed results have been obtained. CBCT has been found to be accurate to sub millimeter levels in measuring horizontal bone loss [22] . Three dimensional quantitative information on periodontal bone levels has been reported to be slightly better than conventional radiography. However, the qualitative description of bone levels, i.e. bone quality and contrast was significantly better with conventional radiography [23] .
The 3D images are more suitable for evaluating the infrabony defects ( Figure 3 ). They offer a definitive advantage over radiographs in assessing bony defects on buccal and lingual walls. Misch et al. [24] reported that CBCT was found to be superior to periapical radiographs in detection of bony defects. However in interproximal areas, both radiographs and CBCT were equally reliable. CBCT images are also superior for analyzing the exact shape of the defect, location (buccal or lingual), and for furcation defects. In a study by Walter, et al. [25] , CBCT was found to be most accurate for assessing disto-palatal furcations, followed by buccal and mesio-palatal maxillary molar furcation defects.
The ability of CBCT to detect earliest changes in periodontal disease, i.e. wedge shaped radiolucency in periodontal ligament space or a break in continuity of lamina dura, is proportional to the voxel size used. Jervoe-Storm, et al. [26] used a voxel size of 0.15 mm and found it to be sufficient to image PDL space changes. However, when the size of the gap was smaller than voxel size, detection of gap decreased. Various studies have reported that conventional radiographs are better than CBCT in assessing the periodontal ligament space [24] [25] [26] [27] .
The use of CBCT has also been reported for diagnosis of palatogingival groove [28] . It may also be a valuable assessment tool for assessment of periodontal regeneration outcomes.
Temporomandibular joints
Traditionally used two dimensional panoramic imaging and transcranial TMJ projections have limited reliability and sensitivity in detecting TMJ changes [29] . CT has been a valuable aid for hard tissue changes and MRI for disc assessment [30] . CBCT is a low cost and low dose alternative for CT. It can be used to evaluate the integrity of bony structures, to confirm the extent and stage of progression of disorder and to evaluate the effects of treatment [31] .
CBCT has a capability to detect early changes in TMJ osteoarthritis like irregular cortical outlines, erosions, osteophyte formation, subchondral cyst formation, narrowing of joint space, flattening of articular surfaces and sub-chondral sclerosis [32, 33] . Similar changes are also found in inflammatory disorders but to a Figure 4A ). Although the articular disc is not visualized in CBCT, but since disc derangements are often associated with osteoarthritic changes, CBCT findings may be sufficient to indicate an underlying disc derangement.
CBCT is increasingly been used as a routine modality for TMJ trauma and TMJ ankylosis ( Figure 4B ). The location of the fracture and relation of the fracture line to joint capsule, and the displacement of fracture can be well-demonstrated. However, hemarthrosis and capsular tears are better evaluated with MRI. CBCT is immensely helpful in establishing the diagnosis and classification of TMJ ankylosis. It helps in differentiating bony ankylosis from fibrous ankylosis and thus assists in treatment planning. It is also superior to panoramic radiographs in detecting coronoid hyperplasia and neoplastic lesions involving TMJ ( Figure 4C ). The uniform enlargement of condylar head in condylar hyperplasia can be distinguished from irregular condylar mass and altered trabecular pattern in osteochondroma can be differentiated using CBCT ( Figure 4D ). On the contrary, malignancies on CBCT examination show bone destruction with minimal expansion and erosive, ill-defined and irregular margins ( Figure 4E, 4F) . CT, MRI and PET scan constitute more advanced diagnostic measures to be used when malignancy is suspected on CBCT.
Endodontics
Superimposition has always been a problem in endodontic diagnostic and treatment radiographs. Multiple angled radiographs often require multiple radiographs to obtain the required information, increasing chairside time as well as patient discomfort; and still in many instances the interpretation remains doubtful. It is for this reason that CBCT was accepted rapidly by the endodontic community soon after its introduction to dentistry.
Apical periodontitis, an indication for endodontic treatment, can be identified at its incipience by means of CBCT ( Figure 5A ) [34] . The sensitivity of periapical and panoramic radiography for the detection of apical periodontitis is 0.55 and 0.28 respectively, whereas CBCT can be considered as a gold standard with a sensitivity of 1 [35] . Patel, et al. [36] reported with artificially created periapical lesions in human mandibles that 100% of the lesions were detected with CBCT.
Pre-operative determination of actual number of canals present in a tooth always remain an enigma even to experienced endodontists. CBCT reveals the true number, shape and exact location of the canals, where they divide or merge, including their portal of exit ( Figure 5B ). It is also invaluable for assessing endodontic architecture of teeth with unusual anatomy ( Figure  5C ). Pre-operative assessment of this otherwise unpredictable anatomy aids in providing a conservative treatment free of endodontic mishaps.
Similar to any surgery in maxillofacial region, pre-surgical assessment in periapical surgery is also being adapted as a routine now [37] . In mandibular molars, the proximity to the canals can be accurately detected [38] . In maxillary molars, it is particularly helpful in assessing the palatal roots [39] . The distance between the cortical plate and the palatal root apex can be measured, and the proximity to maxillary sinus or nasal floor can be assessed ( Figure 5D , 5E) [38] . The presence of isthmuses can be identified [40] . The amount of remaining supporting alveolar bone support can be assessed, and the need for grafts and membranes can be judged pre-operatively. In multi-rooted teeth, the actual root to which the lesion is associated can be identified and hence a more conservative treatment can be planned ( Figure 5E ) [41] . The inclination of roots can be viewed which helps in both the location of the apex; and correct angulation of apicoectomy [41] . Differentiation of periapical granuloma from cyst has also been attempted and promising results have been obtained [42] . This is possible because of differences in grey scale value measurements of cystic and non-cystic type lesions.
CBCT is particularly useful in diagnosis of dentoalveolar trauma which otherwise requires multiple angled radiographs [43] . The exact nature and severity of alveolar and luxation injuries can be assessed from just one scan. Being an extraoral technique, it is much more feasible and comfortable than intraoral radiographs in recently traumatized patients; and offers multifold better information than otherwise resorted panoramic radiographs in such situations. Horizontal and oblique root fractures can be accurately assessed [44] . Additional areas where importance of CBCT is being studied include location of narrow canal space in pulp canal obliteration cases ( Figure 5F ), location of lateral canals and assessment of treatment outcome [45] .
Implantology
American Academy of Oral and Maxillofacial Radiology, in 2000, recommended that some form of cross-sectional imaging should be used for radiographic examination of any potential implant site [46] . Further, in 2012, they recommended that CBCT should be considered as the imaging modality of choice for preoperative imaging of potential implant sites [47] .
CBCT allows for the determination of available bone height, width and quality ( Figure 6A ). Vertical bone height, width and saddle length need to be matched with the number and physical dimensions of implants ( Figure 6B ). Linear measurements with CBCT are precise without any magnification, hence this assessment is better done with CBCT than medical CT [48] . Bone quality depends on cortical and trabecular bone which is required to hold the implant securely. Evaluation of bone mineral density is gaining interest to assess bone quality. Studies are under way to depict the potential of CBCT to accurately assess bone quality and indicate that CBCT may yield structural analysis of trabecular bone soon [49] .
The 3D topography of the alveolar ridge can also be accurately determined, i.e. presence or absence of lingual undercut, location of mylohyoid ridge and ridges which are selectively resorbed buccally or lingually after extraction. Separate thickness of buccal and lingual cortical plates can be measured. Proximity to anatomic structures like inferior alveolar canal, mental foramen, incisive canal, maxillary sinus and nasal cavity floor can be assessed presurgically.
CBCT is also being integrated with various softwares for surgical guidance, assess post-operative results presurgically; and to create virtual patients where virtual implants can be placed and assessed. Such softwares also serve to fabricate surgical guides that can be used at the time of implant placement; and also aid in crown fabrication [50] .
AAOMR recommends to consider the use of CBCT when clinical conditions indicate a need for augmentation procedures or site development before placement of dental implants, particularly in cases of ramus or symphysis grafting, sinus augmentation or other block or particulate bone grafting [47] . The use of CBCT is also recommended to evaluate previous augmentation procedures or to assess impacted tooth at site of implant placement. However, CBCT is advisable for post-operative evaluation of implants only if patient presents with severe mobility or altered sensation. In other cases, intraoral radiography is superior over CBCT in terms of better resolution and absence of beam hardening and streak artifacts. CBCT should also be considered in failure cases if implant retrieval is anticipated.
Pedodontics
CBCT finds its potential applications in pedodontics in multiple conditions; as in monitoring tooth development, impacted and supernumerary teeth, TMJ disorders, root resorption, traumatic injuries, craniofacial anomalies, orthodontic assessment, and cleft patients [51] . However, optimizing the exposure parameters is much more significant in paediatric patient than an adult patient. Machine systems with small field of view and child patient setting are better suited for pediatric patients. If small FOV system is not available, vertical and horizontal collimation should be offered. As child patients have a longer age span to manifest any radiation induced injury, the use of CBCT in pediatric patient should be fully justified on risk vs benefit scale [52] .
Conclusion
CBCT overcomes a number of limitations of conventional imaging modalities. A judicious use of this technique should result in more accurate diagnosis and more precise treatment provided to the patients. However, owing to higher radiation doses and high initial cost of the equipment than the two dimensional imaging, it cannot serve as a substitute of the two dimensional imaging. Potential benefits must outweigh the higher costs and radiation hazards involved and, the indications must be defined keeping the above considerations in mind.
